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Abstract 1 
Visual assessment of the fleece of Merino sheep is an accepted method to aid genetic improvement 2 
but there is little evidence to support the use of visual assessment for improving mohair production. 3 
This paper examines the extent that visual traits, including staple length, character (staple crimp), 4 
staple definition, tippiness, style and staple entanglement, are related to clean fleece weight in animals 5 
of similar live weight and mean fibre diameter (MFD) from the same flock. Measurements were made 6 
over 9 shearing periods on a population of castrated Angora males (wethers) goats representing the 7 
current range and diversity of genetic origins in Australia, including South African, Texan and 8 
interbred admixtures of these and Australian sources (these different genetic origins are defined as 9 
Breed in this work). Data on genetic origin, sire, dam, lifetime characteristics (date of birth, dam age, 10 
birth weight, birth parity (single or twin), weaning weight), live weight, fleece growth and visual 11 
fleece attributes were recorded. A restricted maximum likelihood (REML) model was developed to 12 
relate clean fleece weight with age, MFD, average fleece-free live weight, lifetime characteristics and 13 
visual fleece attributes. There were separate linear responses of clean fleece weight to MFD and staple 14 
length for each age group, a quadratic response to the square root of average fleece-free live weight, 15 
an effect of sire breed and linear responses to dam age, staple definition score and character. 16 
Depending on age at shearing, the increase in clean fleece weight was between about 50 and 80 g for 17 
each increase of 1 µm in MFD. At similar MFD, clean fleece weight was generally greater at summer 18 
shearings compared with winter shearings. There was a strong increase in clean fleece weight with 19 
average fleece-free live weight up to around 50 kg but little response in clean fleece weight for 20 
animals larger than 50 kg. There was some evidence of a smaller increase in clean fleece weight as the 21 
age of dam increased. There was an effect of Breed in the model but this effect disappeared when a 22 
random sire effect was included in the model. There was a positive response to staple length at some 23 
age groups but the response did not differ from zero in other age groups. This response varied from 24 
negligible to about 70 g per 1 cm increase in staple length. Clean fleece weight increased about 40 g 25 
per unit increase in staple definition score and increased about 30 g for every 4 units increase in the 26 
number of staple crimps. There was no evidence that clean fleece weight was affected by staple style, 27 
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staple tip score or staple entanglement score or lifetime factors such as birth weight, date of birth, 1 
birth parity, or weaning weight. The results show that using a combination of measuring MFD and 2 
visually assessing the fleece for staple length, staple definition and crimps can help identify the most 3 
profitable Angora goats. In this process, the objective measurement of MFD appears essential. Visual 4 
assessment will provide some extra benefit in identifying these animals above that provided by 5 
measuring MFD alone. Animal size should be considered by mohair producers when identifying more 6 
productive mohair producing animals. 7 
 8 
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1. Introduction 1 
 2 
There has been a long debate over the relevance and importance of visual assessment of the 3 
fleece of Merino sheep and Angora goats. This debate has become more important in recent years as 4 
objective measurement technology has been introduced and accepted by the international wool textile 5 
industry as the basis for international and commercial trade. The application of objective 6 
measurement has been made more acceptable for use by sheep breeders and their advisors by the 7 
development of comprehensive selection programs and selection indices which include both objective 8 
and subjective fleece characters (e.g. Merinoselect, 2013). There is evidence that selection of sheep 9 
using objective methods alone does not provide the best possible outcomes as subjective traits may 10 
improve the responses to selection. For example, Butler and Dolling (1991) found evidence with 11 
Merino sheep that to genetically maximise an index based on fleece weight and mean fibre diameter 12 
(MFD) it was necessary to include fleece colour and fleece handle score in the selection objective. 13 
Subsequently there has been substantial research to quantify the heritability and genetic correlations 14 
among these traits and other objective fleece traits in Merino sheep (Mortimer et al., 2009). For 15 
Angora goats there is also a range of genetic information and selection indices predominantly based 16 
on objective traits (Shelton and Bassett, 1970; Engdahl and Bassett, 1971; Yalçin et al., 1979; Nicoll 17 
et al., 1989; Snyman and Olivier, 1996, 1999; Snyman, 2002; Ferguson and McGregor, 2005). 18 
Some of the traits that can be observed subjectively in mohair fleeces include: staple length, 19 
staple definition, staple crimp frequency, staple crimp uniformity, staple tip appearance, lustre and 20 
vegetable matter. Visual inspection is used to assign mohair style grades and staple length category 21 
during mohair marketing (van der Westhuysen et al., 1988; Clancy, 2005). For this purpose style 22 
grading includes a number of staple characters such as the number of crimps or waves per cm, staple 23 
style (the number of ringlets or twists per cm), staple lock uniformity, staple tip definition, uniformity 24 
of staple length, lustre and dust penetration. Our previous investigations have identified that an 25 
assignment of a poor mohair style typically results in a discount of 22% compared with average style 26 
mohair, after accounting for other fleece quality attributes (McGregor and Butler, 2004).  27 
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Angora goat breeders commonly use subjective fleece traits to compare sires and individual 1 
goats, although the actual traits they use are not well defined or related to commercial valuations of 2 
mohair sale lots. There is very little scientific evidence regarding the use or value of subjective mohair 3 
assessment (Snyman and Olivier, 1999). For example, a number of industry handbooks such as van 4 
der Westhuysen et al. (1988) and Stapleton and Cunningham (2007) list subjective mohair traits for 5 
Angora goats and mohair, but they provide little evidence to relate these traits to the improvement in 6 
economically important traits.  7 
In an era when objective measurements from live Angora goats, such as MFD and live 8 
weight, can be readily measured on-farm, an issue facing mohair producers is whether subjective 9 
measurements have a role in supplementing these objective measurements. This paper examines the 10 
extent that visual traits, including staple length, character, staple definition, tippiness, style and staple 11 
entanglement, are related to clean mohair fleece weight in animals of similar live weight and MFD 12 
from the same flock. 13 
 14 
2. Materials and methods 15 
 16 
2.1. General 17 
 18 
Management details have been provided by McGregor et al. (2012). In brief, Angora goats 19 
born in September 2002 in a progeny testing evaluation at Horsham, Victoria (36º42'50"S, 20 
142º18'30"E, altitude 180 m) with pedigree breeding records from known sires, were grazed on 21 
pasture from birth until 6 years of age. Records of dam, birth weight, birth parity (single or twin 22 
birth), live weight, fleece growth and fleece quality were taken from 94 castrated males (wethers). 23 
These goats were progeny of various genetic sources including sires of 100% South African origin (n 24 
= 2 sires, n = 22 progeny), 100% Texan origin (n = 4 sires, n = 33 progeny), and sires of admixtures 25 
of South African, Texan and Australian origin (n = 4 sires, n = 39 progeny). The sires were 26 
representative of the genotypes available in Australia (Ferguson and McGregor, 2004, 2005). All 27 
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animals were shorn every 6 months from 6 months of age until February 2004.In March 2004 the 1 
goats were transported to Attwood, Victoria (37°40’S, 144°53’E, altitude 135 m) and grazed as a 2 
flock until November 2008. Between February 2004 and February 2006 the goats were involved in a 3 
designed experiment to examine shearing regimes and adjustments for the effects of these 4 
experimental treatments have been made in the present analysis.  5 
 6 
2.2. Management 7 
 8 
Goats were grazed as one flock, at near the recommended stocking rate on improved annual 9 
pasture. Goats were moved between paddocks to match feed requirements. Shelter was available in 10 
the form of covered and enclosed shedding that was always accessible and could accommodate all 11 
goats. Fresh water was provided in all paddocks. During most years in autumn and winter, pastoral 12 
conditions were affected by drought and supplementary feeding was undertaken following Australian 13 
practice (McGregor, 2005) from mid-May to early September to maintain live weight (McGregor and 14 
Butler, 2008).  15 
 All goats were weighed to the nearest 0.2 kg one day prior to any shearing. All goats were 16 
fasted overnight prior to shearing or crutching. Goats were returned to pasture together following 17 
shearing. Fleece-free live weights (FFLwt) were determined for each goat at shearing time by 18 
subtracting the greasy fleece weight from the live weight recorded immediately prior to shearing. 19 
AvFFLwt between shearings was determined as the average of the FFLwt at the start of the period and 20 
the FFLwt at the end of the period.  21 
 22 
2.3. Design 23 
 24 
The goats studied were the castrated male progeny of a sire evaluation project (Ferguson and 25 
McGregor, 2004, 2005). Between February 2004 and February 2006 the goats were part of a 26 
replicated experiment studying the influence of shearing treatments  arranged as a factorial: 7 27 
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Shearing treatments × 3 Genetic strains; with either 4 or 8 individual goat replicates per treatment 1 
(McGregor and Butler, 2008). The shearing treatments were: 2 
 Three different 6-month shearing intervals, each with different months of shearing: February-3 
August, April-October, June-December;  4 
 Two 12-month shearing intervals with different months of shearing: August-August, September-5 
September; 6 
 One 3-month shearing interval (Often treatment); and  7 
 One 7-month winter shearing interval, February-September. 8 
Genetic strain was based on sire line as follows: 9 
 South African: Sires 100% South African bloodline; 10 
 Texan: Sires 100% Texan bloodline; and  11 
 Mixed: Sires of approximately 50% South African and 50% Texan bloodlines. 12 
Some strains of wethers, whose breeding did not fit within these criteria, were excluded.  13 
This study examines the fleeces harvested from age 2 to age 6 years. 14 
 15 
2.4. Mohair measurement and testing 16 
 17 
The practices were exactly as previously described (McGregor and Butler, 2008). At 18 
crutching and shearing, fleeces, pieces, bellies and locks and samples were weighed to the nearest 1 g. 19 
Mid-side samples were taken at shearing. A range of objective and subjective evaluations were 20 
completed on the mid-side sample prior to testing the sample. Three staples from the mid-side sample 21 
were assessed for attributes in the following order: staple definition, staple tip shape, style, character, 22 
staple fibre entanglement, staple length (Table 1). The assessed staple length was not the longest 23 
fibres in the staple tip but was subjectively determined with the aim of measuring to the point where 24 
most of the fibres were present before any significant narrowing of the staple near the tip, as per 25 
industry selling broker practice.  26 
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Following laboratory evaluation, the mid-side samples were tested for clean washing yield 1 
(CWY, %w/w; IWTO, 2005a) and MFD (m), using the OFDA100 (IWTO, 2005b). For each test 2 
8000 fibre measurements were made. Clean fleece weight was determined as: greasy fleece weight × 3 
CWY/100.  4 
 5 
2.5. Statistical methods 6 
A restricted maximum likelihood (REML) model was developed for clean fleece weight, 7 
which allowed the observations of the same animal at different ages to be correlated in an 8 
unstructured manner. Thus, for individual animals, the variance was allowed to differ between ages 9 
and the covariance was allowed to differ between each pair of ages. Within this framework, a 10 
parsimonious model for fixed effects, related to MFD, average FFLwt, lifetime characteristics and 11 
visual fleece attributes, was developed using Wald F tests (Payne, 2012). Once a parsimonious fixed 12 
effects model had been established, random sire effects and random dam effects were examined for 13 
inclusion in the model by using chi-squared change in deviance tests. Two outliers at age 4, two 14 
outliers at age 5 and one outlier at age 5.5 were deleted on the basis that their greasy fleece weights 15 
were outliers. Confidence intervals were constructed using the asymptotic normal distribution.  16 
 17 
3. Results 18 
 19 
For visual attributes the median, 5%, 25%, 75% and 95% quantiles at each age are presented 20 
in Fig. 1. For staple length, the range between the 5% and 95% quantiles was 4 to 5 cm and there was 21 
no trend with age (Fig. 1a). For staple character, the range between the 5% and 95% quantiles was 6 22 
to 10 with no trend with age (Fig. 1b). For staple style, the range between the 5% and 95% quantiles 23 
was 1 to 2 with the range increasing with age (Fig. 1c). For staple definition, the median declined 24 
from 4 to 3 with increases in age (Fig. 1d). Staple entanglement score showed no trend with age (Fig. 25 
1e) while the median staple tip score declined with age (Fig. 1f).  26 
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The fixed effects in the model for clean fleece weight can be symbolically represented as 1 
(Table 2 and 3, Appendix): 2 
Clean fleece weight = Shearyears*Shearregime + Age*(MFD + Staple length) + 3 
sqrtAvFFLwt + AvFFLwt + Breed + DamAge + Staple definition + Character  4 
 5 
Thus there is a separate effect of each shearing regime at each age during the period of the 6 
shearing study, separate linear responses of MFD and staple length for each age, a quadratic response 7 
to the square root of average fleece-free live weight, an effect of sire breed and linear responses to 8 
dam age, staple definition score and staple character. There was no evidence of any additional random 9 
effects of sire (2 = 1.18 on 1 d.f.; P = 0.28) or dam (2 = 0.14 on 1 d.f.; P = 0.71).  10 
 Apart from the confounding effects of shearing regime in the first two years, age and MFD 11 
were most closely related to clean fleece weight (Fig. 2). While there was strong evidence that the 12 
response of clean fleece weight to MFD differed with age group (P =0.00004, Table 3), at all ages 13 
there was a strong positive response of clean fleece weight to MFD. Depending on age at shearing, the 14 
increase in clean fleece weight was between about 50 and 80 g for each increase of 1 µm in MFD. At 15 
similar MFD, clean fleece weight was generally greater at summer shearings (age 2.5, 3.5, 4.5, 5.5 16 
years) compared with winter shearings (age 2- 6) (Fig. 2). 17 
 There was a strong increase in clean fleece weight with average fleece-free live weight up to 18 
around 50 kg (Fig. 3). However, there was little response in clean fleece weight for animals larger 19 
than 50 kg (Fig. 3). There was some evidence (P = 0.02, Table 3) of a smaller increase in clean fleece 20 
weight as the age of dam increased (Fig. 4). There was an effect of Breed in the model but this effect 21 
disappeared when a random sire effect was included in the model (Table 3).  22 
 There was evidence of a positive response to staple length at some ages but not at other ages 23 
(Table 3 and Fig. 5). The response varied from negligible (age 3, 4, 6) to about 70 g per 1 cm increase 24 
in staple length at age 5.5 years. Clean fleece weight increased about 40 g per each unit increase in 25 
staple definition score and increased about 30 g for every 4 units increase in staple crimp count (Fig. 6 26 
and 7).  27 
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There was no evidence that clean fleece weight was affected by staple style (- 7 g per 1 unit 1 
increase, s.e. 7.0, P = 0.34), staple tip score (8 g per 1 unit, s.e. 6.2, P = 0.20) or staple entanglement 2 
score (13 g per 1 unit, s.e. 7.5, P = 0.090) and lifetime factors such as birth weight, date of birth, birth 3 
parity or weaning weight (P > 0.1, Appendix).  4 
 5 
 6 
4. Discussion 7 
 8 
4.1. Influence of objective measurements 9 
 10 
At every shearing, clean fleece weight was more closely related to MFD than any other term 11 
in the model. Depending upon age, clean fleece weight increased by between 0.5 and 0.8 kg for each 12 
10 µm increase in MFD (Table 3). This can equate to more than 1.0 kg increases in clean fleece 13 
weight with increasing MFD (Fig. 3b). Given that the major determinants of fleece value are fleece 14 
weight and MFD, and given that the premium for MFD varies with year and selling season and may 15 
be substantial (McGregor and Butler, 2004), this implies that biologically productive Angora goats 16 
need to be defined in terms of those goats that produce high fleece weight for a given MFD. 17 
Classifying animals in terms of high clean fleece weight is insufficient. This sets up a benchmark for 18 
assessing the role of visual attributes in identifying productive Angora goats. 19 
The responses to visual estimates in our models provide information on the extent that these 20 
visual estimates can be used to identify animals with a high fleece weight for a given MFD. For 21 
example, if after adjusting for the effect of MFD, there is a positive response between a visual trait 22 
and clean fleece weight, then animals strongly displaying that trait will be those who have a high 23 
fleece weight for a given MFD. Thus, the most valuable mohair producing animals are likely to be 24 
those that have a measured MFD of around 25 µm as well as strongly displaying that visual trait.  25 
Before discussing the effect of visual traits there are some other effects in our model that need 26 
to be examined. In this model, which adjusts for the effects of MFD, there was a strong increase in 27 
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clean fleece weight as live weight increased up to around 50 kg. However, this is a much weaker 1 
response than has previously been obtained when no adjustment is made for MFD (McGregor et al., 2 
2013a). This is in agreement with the previous result that, as well as clean fleece weight, MFD is 3 
related to live weight (McGregor et al., 2012). Nevertheless, it is reasonable to expect that smaller 4 
animals (50 kg animal compared with 70 kg animal) eat less and thus animal size should be 5 
considered by mohair producers when identifying more productive and efficient mohair producing 6 
animals and production systems.  7 
 8 
4.2. Influence of lifetime attributes 9 
 10 
The positive response to dam age would suggest that there may be a tendency for the progeny 11 
of older dams to be more productive. However, we consider that it is more likely that, within the base 12 
breeding flock used in this study, there has been progressively more culling for less productive 13 
animals as the dams become older. Previously we observed an effect of dam age upon another visual 14 
mohair attribute, namely staple entanglement (McGregor and Butler, 2014). 15 
There is an effect of breed in our model. However, this effect disappeared when a random 16 
effect for sire was included in the model (Table 3). This implies that it is necessary to include either a 17 
random sire effect or a fixed breed effect in our model, but it is statistically impossible to determine 18 
between these two effects. This necessity would be caused by the small number of sires (between 2 19 
and 4) from each breed.  Nevertheless, both these terms are of genetic origin, and thus we can make 20 
the conclusion that there is a genetic component to producing productive Angora goats with a high 21 
clean fleece weight at a given MFD.  22 
As one might expect, age and shearing regime had strong effects on clean fleece weight at a 23 
given MFD. This simply reflects that pasture conditions and intervals between shearings affect clean 24 
fleece weight (McGregor and Butler, 2008).  25 
 26 
4.3. Influence of visual fleece attributes 27 
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 1 
 Staple length is an attribute that can be assessed visually. Viewed in this way staple length is 2 
the most important visual attribute related to clean fleece weight at a fixed MFD. However, the 3 
response of clean fleece weight to changes in staple length differed greatly with age at shearing, 4 
varying from negligible at age 3 to about 70 g for each 1 cm increase in staple length at age 5.5 years. 5 
This indicates that staple length can be a useful adjunct to MFD in identifying productive animals, 6 
although the efficacy of this will vary with each shearing and it appears to be more effective with 7 
summer grown mohair (Fig. 5). Assessing staple length is useful for both increasing clean fleece 8 
weight and to achieving higher prices for selling commercial mohair (McGregor and Butler, 2004).  9 
It has been shown in Merino wool that straightened staple length bears an approximately 10 
constant ratio to mean fibre length and to the crimped fibre length of the staple (Goldsworthy and 11 
Lang, 1954). Thus MFD and staple length can be considered as attributes that measure the main 12 
dimensional properties of the Angora fibre. As such, both staple length and MFD are positively 13 
related to clean fleece, and are similar in that the magnitude of the responses differs with shearing. 14 
However, the response of MFD is stronger, and more consistently positive, than the response of staple 15 
length. This supports the present practice of considering MFD as the primary fleece quality attribute 16 
for mohair and other animal fibres. The different roles of the two main dimensional properties have 17 
previously been detected through their relationship with animal size. MFD is strongly related to 18 
animal size, while staple length is not (McGregor et al., 2012, 2013b). 19 
At a given MFD, clean fleece weight increased by about 40 g per 1 unit increase in staple 20 
definition score (Fig. 6). Differences of 2 units in staple definition score were observable between 21 
animals at each age (Fig. 1d). For animals of similar MFD, the potential benefit of an increase in 22 
staple definition of 2 units is equal to 80 g additional clean fleece production.  23 
Staple crimp is a feature of animal fleeces which can be easily assessed. At all ages and at the 24 
same MFD, an increase in the number of crimps (character) along a staple was associated with 25 
increased clean fleece weight at each shearing. Typically at a given age, the 95% range for staple 26 
character (crimp) is about 8 (Fig. 1b). This corresponds to an increase in clean fleece weight of about 27 
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50g, at the same MFD. The response is not surprising because for a given staple length, a staple with 1 
more character and style (sine and helical crimps) will have longer fibres when straightened. This has 2 
been shown clearly with Merino wool (Balasubramaniam and Whiteley, 1964) and has been reported 3 
during processing that mohair with more staple character and style produced increased fibre length 4 
and length uniformity compared with mohair with less staple character (Hunter et al., 1997). This 5 
uniformity leads to longer average fibre length because of fewer shorter fibres.  6 
After adjusting for MFD and staple length, staple entanglement was not related to clean fleece 7 
weight (Appendix). Straightened staple length, that is staple length after removing crimps and 8 
entanglements, was used in this study (Table 1). In industry, raw staple length, where there is no 9 
removal of crimps and entanglements, is commonly used. Previous research has shown that the 10 
increase in apparent staple length, between raw and straightened staple length, changes from 60% to 11 
10% as entanglement score increases from 1 to 5 (McGregor and Butler, 2014). Thus there may be a 12 
negative relationship between clean fleece weight and staple entanglement score, if the analysis had 13 
been adjusted for raw staple length rather than straightened staple length. There was no effect of 14 
staple tip and style in the model. It appears that staple tip and style are not useful attributes for 15 
selecting Angora goats with a high fleece weight for their MFD. 16 
In the Merino wool industry, there has also been interest in using a range of subjectively 17 
assessed wool traits to increase the productivity, profitability and ease of management of the sheep 18 
(James et al., 1990; Mortimer et al., 2010). Mortimer et al. (2010) concluded that the inclusion of a 19 
number of subjective characters such as handle, character and colour provided slight additional gains 20 
in fleece weight for indices that emphasised reduction in MFD. With mohair, Snyman and Olivier 21 
(1999) concluded that with the possible exception of style, as far as subjectively assessed traits are 22 
concerned, they should not be included in a selection index. The main difference between these 23 
studies and the present work is that we have standardised our results for MFD and we have studied a 24 
different range of subjective traits.  25 
Our results indicate that a benefit in clean mohair fleece weight of improving subjective traits, 26 
such as staple definition score by 1 to 2 units and staple crimp by 4 to 8 units, at the same MFD and 27 
14 
 
animal size, will range from 3.2% to 8.6% depending upon clean fleece weight at each shearing (1.7 1 
to 2.0 kg) and the extent of improvement obtained in the subjective trait. As an example, for every 2 
1000 animals this may equate to an increase in income of $3000 per year (5% × 2.0 kg × 1000 3 
animals × 2 shearings per year × $15/kg). Assessing subjective traits will be most effective when 4 
MFD and live weight are already being used effectively, since these traits have the largest effect on 5 
clean fleece weight. In these cases, the costs of reliable lifetime animal identification and accurate 6 
record keeping will already be absorbed. Thus, the main marginal cost of effectively using subjective 7 
traits will be the direct labour costs for appraisal of each animal.  8 
 9 
5. Conclusion 10 
 11 
The most profitable mohair producing goats will be those that have a MFD near 25 µm and 12 
also have a high fleece weight for that fibre diameter. The results show that using a combination of 13 
measuring MFD and visually assessing the fleece for staple length, staple definition and crimps can 14 
help identify these Angora goats. In this process, the measurement of MFD appears essential. Visual 15 
assessment will provide some extra benefit in identifying these animals above that provided by 16 
measuring MFD alone. Animal size should be considered by mohair producers when identifying more 17 
productive animals. 18 
 19 
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Table 1 1 
Table of visual traits and their assessment 2 
Trait Measurement or score Description 
Staple definition 5; well defined staple from base 
to tip, free separate staples 
4; some cross fibres 
3; lots of cross fibres holding the 
base of staples together 
2; bases of staples merge into 
larger clumps 
1; no clear staples, large mass       
The definition or clarity of the staple 
formation as viewed from the underside 
(cut side). The presence of cross fibres is 
seen by slowly uplifting the edge of the 
fleece. In fleeces with free staples (score 5) 
the fleece falls apart whereas score 1 the 
fleece is a large mass where no individual 
staple can be seen. 
 
Staple tip  Range from 5; blocky tip, to  
1; long thin tip. 
The degree of staple length uniformity 
based on the shape of the staple tip  
Style Count to nearest 0.5 Mean of three mid-side staples of the 
number of twists along the staple. 
Character 
(staple crimp) 
Count to nearest 0.5 Mean of three mid-side staples of the 
number of crimps (waves) along the staple. 
Staple 
entanglement 
5; long free fibres easily 
separated as no adhesions  
4; some adhesions between fibres
3; some effort to separate fibres 
as many adhesions 
2; many adhesions, staple fibres 
entangled, shortening of staple 
1; very entangled and shortened 
staple, over-crimping evident  
The degree of staple fibre entanglement and 
adhesions. Very entangled staples (often 
called spongy staples) are very shortened 
due to cross fibre adhesions. 
Staple length To nearest 0.5 cm Staples removed from mid side sample. 
Fibres in a staple held firmly at cut end. 
Within a staple, fibres were separated by 
removal of adhesions and twists, then 
stretched along ruler to straighten crimps. 
Judgment as to where majority of fibres 
end.  
   
 3 
 4 
 5 
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Table 2 
Fixed terms used in parsimonious model for clean fleece weight 
Acronym Factor/ variate 
Number of 
levels Description 
Age Factor 9 Indicates age in years at shearing 
Shearyears Factor 5 
Level is 2 if Age = 2  
Level is 2.5 if Age = 2.5 
Level is 3 if Age = 3  
Level is 3.5 if Age = 3.5  
Level is NA if Age = 4 years or older 
Shearregime Factor 8 









Shearyearsother in t taken measuremen ifNA 
7  to4 Shearyearsin  measured and regime shearing months 3every in   wasanimal ifOften 
7  to4 Shearyearsin  measured and regime shearingSeptember  andSeptember in   wasanimal ifSeptSept 
7  to4 Shearyearsin  measured and regime shearingAugust  andAugust in   wasanimal if AugAug
7  to4 Shearyearsin  measured and regime shearingDecember  and Junein   wasanimal if JunDec
7  to4 Shearyearsin  measured and regime shearingOctober  and Aprilin   wasanimal ifAprOct 
7  to4 Shearyearsin  measured and regime shearingSeptember  andFebruary in   wasanimal ifFebSept 
7  to4 Shearyearsin  measured and regime shearingAugust  andFebruary in   wasanimal if FebAug
 
Breed Factor 3 Indicating whether Sire is Texan, South African or Mixed breed 
AvFFLwt Variate Not applicable Average of the fleece-free live weight at the start of the period and the end of the period. 
sqrtAvFFLwt Variate Not applicable 
Square root of the average fleece-free live weight at the start of the period and the end of the 
period. 
 
DamAge Variate Not applicable Indicating age of dam at kidding (years) 
MFD Variate Not Mean fibre diameter (µm)  
20 
 
applicable 
Staple length Variate Not 
applicable 
Staple length (cm) 
Staple definition Variate Not applicable 
Staple definition score 
 
Character Variate Not applicable 
Staple character, a count of staple crimp frequency 
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Table 3 
Wald F tests for included fixed effects in the model for clean fleece weight. All marginal terms are 
automatically included in model. The test for a breed effect is presented for the derived model as well 
as in a model with an extra random term for sire identity 
Fixed effect F value  Degrees of 
freedom 
P-value 
    
Shearyears by Shearregime interaction   35.84 12, 106.6 6.1 x 10-32 
Staple definition  27.02 1, 267.8 4.0 x 10-7 
Mean fibre diameter response differs with Age 4.80 8, 111.9 4.3 x 10-5 
AvFFLwt (quadratic term for square root of 
AvFFLwt) 
12.59 1, 158.3 0.00051 
Staple length response differs with Age 3.03 8, 166.1 0.0033 
DamAge 5.71 1, 89.4 0.019 
Breed  4.25 2, 84.3 0.017 
Breed when random sire term is also included 
in model 
2.23 2, 5.8 0.19 
Character  4.62 1, 370.0 0.032 
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Figure Captions 
Fig. 1. Quantile charts for (a) staple length, (b) staple character (count), (c) staple style (count),(d) 
staple definition score, (e) staple entanglement score, and (f) staple tip score. Symbols: , 5% 
quantile (value for which 5% of observations are lower or equal to value); , 25% quantile; , 
median (50% quantile); , 75% quantile; , 95% quantile.  
a) b)
  
c) d)
  
e) f)  
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Fig. 2. Response of clean fleece weight to mean fibre diameter for (a) each winter shearing and (b) 
each summer shearing, after adjusting for other terms in the model. The predicted values at each 
shearing are presented at the average values of staple length, square root of average fleece-free live 
weight, staple definition score and character for that shearing. At shearings from age 2.0 to 3.5 years, 
predicted values are weighted equally for each shearing regime represented at that shearing. Error bars 
represent the 95% confidence limits. Symbols: , 2- year- old; , 2½-year- old; ▲, 3-year- old; , 
3½-year- old; , 4- year- old; , 4½- year- old; +, 5- year- old; , 5½- year- old; , 6- year-old.   
(a)  
 
(b)  
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Fig. 3. Response of clean fleece weight to average fleece-free live weight, after adjusting for other 
terms in the model. The predicted values are averages over the 4 to 6 year-old shearings, so as to 
avoid complications due to differences in shearing regimes. These values are presented at the average 
values of mean fibre diameter, staple length, staple definition score and character for shearings at ages 
4 to 6. Error bars represent the 95% confidence limits.  
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Fig. 4. Response of clean fleece weight to dam age, after adjusting for other terms in the model. The 
predicted values are averages over the 4 to 6 year-old shearings, so as to avoid complications due to 
differences in shearing regimes. These values are presented at the average values of mean fibre 
diameter, staple length, square root of average fleece-free live weight, staple definition score and 
character for shearings at ages 4 to 6. Error bars represent the 95% confidence limits.  
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Fig. 5. Response of clean fleece weight to staple length for (a) each winter shearing and (b) each 
summer shearing, after adjusting for other terms in the model. The predicted values at each shearing 
are presented at the average values of mean fibre diameter, square root of average fleece-free live 
weight, staple definition score and character for that shearing. At shearings from age 2.0 to 3.5 years, 
predicted values are weighted equally for each shearing regime represented at that shearing. Error bars 
represent the 95% confidence limits. Symbols: , 2- year- old; , 2½-year- old; ▲, 3-year- old; , 
3½-year- old; , 4- year- old; , 4½- year- old; +, 5- year- old; , 5½- year- old; , 6- year-old.   
a)  
 
b)  
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Fig. 6. Response of clean fleece weight to staple definition score, after adjusting for other terms in the 
model. The predicted values are averages over the 4 to 6 year-old shearings, so as to avoid 
complications due to differences in shearing regimes. These values are presented at the average values 
of mean fibre diameter, staple length, square root of average fleece-free live weight and staple 
character for shearings at ages 4 to 6. Error bars represent the 95% confidence limits.  
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Fig. 7. Response of clean fleece weight to staple character (crimp), after adjusting for other terms in 
the model. The predicted values are averages over the 4 to 6 year-old shearings, so as to avoid 
complications due to differences in shearing regimes. These values are presented at the average values 
of mean fibre diameter, staple length, square root of average fleece-free live weight and staple 
definition score for shearings at ages 4 to 6. Error bars represent the 95% confidence limits.  
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Appendix 
Wald F Tests for excluding fixed effects in the model for clean fleece weight. Abbreviations: Breed, 
refers to genetic strain of Angora goat; sqrtAvFFLwt, square root of average fleece-free live weight 
during the shearing interval; MFD, mean fibre diameter (µm) 
Adjustment to model F value  Degrees of 
freedom 
P-value 
Square of staple definition 1.33 1, 344.0 0.25 
AvFFLwt 1.5 (same as cube of the square root) 0.22 1, 116.4 0.64 
Square of MFD 0.03 1, 386.1 0.87 
Square of character 2.21 1, 324.4 0.14 
Square of staple length 0.05 1, 313.1 0.83 
Square of dam age 1.85 1, 82.8 0.18 
Response to staple definition differs with age 0.87 8, 182.2 0.55 
Response to sqrtAvFFLwt differs with age 0.69 8, 106.8 0.70 
Response to character differs with age 1.56 8, 136.1 0.14 
Response to dam age differs with age 0.73 8, 79.5 0.66 
Breed effect differs with Age 0.85 16, 103.9 0.63 
Response to staple definition differs with shearregime 0.35 7, 179.2 0.93 
Response to AvFFLwt differs with shearregime 1.04 7, 84.7 0.41 
Response to MFD differs with shearregime 2.07 6, 115.0 0.062 
Response to character differs with shearregime 1.21 7, 154.5 0.30 
Response to sqrtAvFFLwt differs with shearregime 1.01 7, 88.5 0.43 
Response to staple length differs with shearregime 0.63 6, 155.5 0.71 
Response to dam age differs with shearregime 1.40 7, 69.8 0.22 
Interaction of Shearregime and Breed 1.62 14, 58.5 0.10 
Product of staple definition and sqrtAvFFLwt 0.04 1, 257.3 0.84 
Product of staple definition and MFD 0.93 1, 306.0 0.34 
Product of staple definition and character 0.33 1, 201.0 0.57 
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Product of staple definition score and staple length 2.36 1, 311.1 0.13 
Product of staple definition score and dam age 0.14 1, 306.8 0.71 
Staple definition response differs with Breed 0.74 1, 302.3 0.48 
Product of MFD and sqrtAvFFLwt 3.08 1, 244.8 0.080 
Product of character and sqrtAvFFLwt 0.12 1, 267.9 0.73 
Product of staple length and sqrtAvFFLwt 1.23 1, 253.7 0.27 
Product of dam age and sqrtAvFFLwt 0.52 1, 107.3 0.47 
Response of sqrtAvFFLwt differs with Breed 1.04 2, 93.2 0.36 
Product of MFD and character 1.70 1, 347.5 0.19 
Product of MFD and staple length 0.48 1, 332.2 0.49 
Product of MFD and dam age 1.14 1, 247.1 0.29 
Response of MFD differs with Breed 0.32 2, 220.0 0.73 
Product of character and staple length 0.17 1, 283.7 0.68 
Product of character and dam age 0.13 1, 277.3 0.72 
Response of character differs with Breed 0.23 2, 246.2 0.79 
Product of staple length and dam age 0.17 1, 221.6 0.68 
Response of staple length differs with Breed 0.41 2, 203.2 0.66 
Response of dam age differs with Breed 0.55 2, 84.3 0.58 
Staple entanglement score 2.89 1, 332.2 0.090 
Staple tip score 1.56 1, 357.5 0.21 
Birth parity i.e. single versus twins 0.63 1, 83.8 0.43 
Weaning weight  2.14 1, 97.9 0.15 
Birth weight 0.70 1, 91.4 0.40 
Date of birth 1.08 16, 66.3 0.39 
Staple style 0.93 1, 148.5 0.34 
 
